The Directive on the Patentability of Computer-Implemented Inventions recently approved by the European Parliament may have significant implications for the software industry, public policy and patent protection. In this paper, we summarize the scope of patent protection in the European Union, the United States, and Japan. We examine the patentability of computer software under E.U. and U.S. patent law and also consider two instances of software patenting and their effects. We provide an overview of the Directive and finally assess the legal, economic, and public policy implications for software developers and users.
INTRODUCTION
The Directive on the Patentability of Computer-Implemented Inventions recently approved by the European Parliament may have long range implications for the software industry, public policy and patent protection for years to come. Patents can be, at once, a spur and a roadblock to innovation. At the same time, the world is moving toward greater economic integration, driving current debate on the harmonization of intellectual property rights.
In this paper, we begin by summarizing the scope of patent protection in the European Union, the United States, and Japan. In doing so, we examine the patentability of computer software as inventions allowed under E.U. and U.S. patent law. The value of software patents and the U.S. experience with patent liberalization for 20 years is considered. Two instances of software patenting and their effects are discussed. We then provide an overview of the proposed Directive recently approved by the European Parliament. The approval also included several amendments. Finally, we assess the legal, economic, and public policy implications of the Directive for software developers and users.
We do not attempt a comprehensive examination of the utility and rationale for patent protection. This is beyond the scope of our paper. Ours is also not an empirical research study; rather, our investigation is more contemporary and topical, looking at the conditions surrounding software patentability as a key barrier and enabler for innovation and competition.
PATENT LAW AND COMPUTER SOFTWARE IN THE EUROPEAN UNION
The European Patent Convention (EPC) serves as the basis for a harmonized system of patent protection for all members of the European Union. European patents have the same effect as patents granted by each nation under its own national patent laws. Article 52(1) of the EPC states: "European patents shall be granted for any inventions which are susceptible of industrial application, which are new and which involve an inventive step." Article 52(2)(c) of the EPC specifically excludes "methods for ... doing business, and programs for computers" from the definition of inventions eligible for patent protection.
Although Article 52(2)(c) appears to completely exclude computer programs and business methods from patentability, Article 52(3) qualifies this exclusion by stating that the exclusion only applies to the extent an invention "relates to such subject matter or activities as such." This suggests that while computer programs standing alone are unpatentable, the presence of a computer program as one component of a larger invention does not prevent the invention from qualifying for a patent. The European Patent Office (EPO) has likewise taken this position in its Guidelines of the European Patent Office, which explains: "A computer program claimed by itself or as a record on a carrier, is not patentable irrespective of its content. … If however the subject-matter as claimed makes a technical contribution to the known art, patentability should not be denied merely on the ground that a computer program is involved."
The leading case of the EPO Technical Board of Appeal involving software patentability is Computer-related Invention/VICOM (1986), which involved a program for digitally processing images. The Board held that the program was patentable since it was related to a technical process leading to a change in the physical images and was not merely a mathematical algorithm that manipulated numbers to calculate a purely numerical result. As to computer-implemented business methods, the key decision was Pension Benefit Systems (2001) , where the application claimed a method for controlling a pension benefits program. The Technical Board of Appeal affirmed that the method was unpatentable, stating that "methods only involving economic concepts and practices of doing business are not [patentable] inventions."
THE SCOPE OF PROTECTION FOR SOFTWARE IN THE UNITED STATES AND JAPAN
Under section 101 of the U.S. Patent Act, subject matter that may be patented includes any "process, machine, manufacture, or composition of matter, or any ... useful improvement thereof." In addition, the invention must be useful, novel, and nonobvious to qualify for a patent. To be novel and nonobvious, the invention must be new in that it is not part of the field of existing technology or "prior art," and it must represent an inventive next step beyond the prior art, rather than an obvious variation.
Before the 1980s, it was generally accepted in the U.S. that software was not patentable. However, in 1981 the U.S. Supreme Court decided the case of Diamond v. Diehr, which involved a computer program, applied to a process for curing rubber, and expressly held for the first time that computer software was patentable so long as the claimed invention was not merely a procedure for solving a mathematical formula.
In 1998, the U.S. Patent & Trademark Office (USPTO) issued its Examination Guidelines for Computer-Related Inventions for its examiners to use in evaluating the patentability of software. Essentially, the USPTO Guidelines make clear that any type of software or computer-implemented invention is eligible for patent protection if the other tests for patentabilityutility, novelty, and nonobviousness -are also met. The Japanese Patent Office (JPO) has adopted a similar position in its Guidelines for Computer Software Related Inventions. Under the JPO Guidelines, computer programs are patentable in Japan as long as they possess a high degree of technical creativity and utility.
Also in 1998, the U.S. Court of Appeals for the Federal Circuit, in the case of State Street Bank & Trust Co. v. Signature Financial Group, Inc. (1998) , upheld as valid a patent directed to a computer-implemented business method designed to perform financial calculations and dataprocessing for mutual fund investments. This case was important because prior to this decision, it was widely believed that business methods and systems were not patentable. The State Street case made clear that business methods were to be evaluated in the same manner as any other type of process. In 2000, the JPO followed suit and revised its Guidelines to allow for the patenting of computer-implemented business methods when there is clear "involvement of inventive step."
Since 1976, the USPTO has granted a steadily increasing number of patents for software-related inventions (see Appendix). Presently, 15% of all patents granted in the U.S. are software patents and the growth in software patents accounts for over 25% of the total growth in the number of patents issued between 1976 and 2001. Moreover, one recent study has reported that: "Overall, software patents are more likely to be obtained by larger firms, established firms, U.S. firms, and firms in manufacturing (and IBM); they are less likely to be obtained by individuals, small firms, newly public firms, foreign firms, and software publishers" (Bessen & Hunt, 2003, p.9 ).
Bessen and Hunt found that the correlation between R&D and patenting in the U.S. over time has been significantly negative. In other words, as software patenting rates have risen, R&D investment in sectors using information technologies has declined. This is not to say that other confounding factors may not have contributed to this phenomenon. We comment more extensively on the consequences of patent liberalization in the Reassessment section.
THE COMPLEX REALITY OF SOFTWARE PATENTS: TWO EXAMPLES
In this section, we examine two instances of software patenting and their effects. One of the patents led to litigation and one led to settlement. Both illustrate some of the unforeseen consequences that follow a decision to obtain a patent on software and then to enforce it.
"One Click" Shopping
The recent case of Amazon. Com, Inc. v. Barnesandnoble.Com, Inc., No. 00-1109 (Fed. Cir. 2001 demonstrates the real-world implications of patenting software and business methods. The case involved U.S. Patent No. 5,960,411 ("the '411 patent"), which was issued to the inventor/programmer on September 28, 1999, and later assigned to Amazon. On October 21, 1999, Amazon sued BarnesandNoble.com (BN) alleging infringement of the patent.
Amazon's patent was directed to a method and system for "single action" ordering of items in a client/server environment such as the Internet, known as the "One-Click" shopping model. The '411 patent described an approach in which a consumer could purchase items via an electronic network using only a "single action," such as the click of a computer mouse button. Amazon developed the patent to deal with what it considered to be the frustrations presented by the "shopping cart model" for online purchasing. This method is described in the following excerpt from the '411 patent:
1. A method of placing an order for an item comprising: under control of a client system, displaying information identifying the item; and in response to only a single action being performed, sending a request to order the item along with an identifier of a purchaser of the item to a server system; under control of a single-action ordering component of the server system, receiving the request; retrieving additional information previously stored for the purchaser identified by the identifier in the received request; and generating an order to purchase the requested item for the purchaser identified by the identifier in the received request using the retrieved additional information; and fulfilling the generated order to complete purchase of the item whereby the item is ordered without using a shopping cart ordering model. 2. The method of claim 1 wherein the displaying of information includes displaying information indicating the single action.
Ultimately, the court ruled that Amazon demonstrated that it would likely succeed in its infringement suit. However, the court also observed that BN had raised substantial questions as to the validity of the '411 patent based on obviousness. As such, the court returned the case to the district court for further review of the patent and the alleged infringement by BN.
Graphical Interchange Format (GIF)
A second case concerns the patent award and alleged infringement pertaining to the LZW encoding method that underlies the .GIF document format, which is used widely for graphic images. This infringement suit was unsuccessful and eventually withdrawn.
GIF images are compressed to reduce file size, using a technique called LZW (after Lempel-Ziv-Welch). The technique was initially described by Welch in IEEE Computer, June 1984. Unisys holds a patent on the technique described in the article, but the article describing the algorithm made no mention of this. The LZW procedure quickly became a popular technique for data compression because it provided economical, high performance, adaptable, and reversible data compression. Likewise, GIF became a standard in its field. Apparently, neither CompuServe, the programmer who designed GIF, nor the software community were aware of the patent. Claim 1 of the patent reads as follows:
1. In a data compression and data decompression system, compression apparatus for compressing a stream of data character signals into a compressed stream of code signals, said compression apparatus comprising storage means for storing strings of data character signals encountered in said stream of data character signals, said stored strings having code signals associated therewith, respectively, means for searching said stream of data character signals by comparing said stream to said stored strings to determine the longest match therewith, means for inserting into said storage means, for storage therein, an extended string comprising said longest match with said stream of data character signals extended by the next data character signal following said longest match, means for assigning a code signal corresponding to said stored extended string, and means for providing the code signal associated with said longest match so as to provide said compressed stream of code signals.
CompuServe released GIF as a free and open specification in 1987. GIF soon became a world standard and played an important role in the Internet community. In December 1994, CompuServe and Unisys suddenly announced that developers would have to pay a license fee in order to use this technology that had been patented by Unisys. This caused immediate confusion.
The original licensing agreement text which had upset so many was soon followed by clarifications from CompuServe and Unisys. Unisys faced a delicate challenge and risked alienating a large segment of the software community. While having the right to file suit against LZW users, Unisys has been accommodating and fair. Most likely, the success of LZW and its widespread use caught Unisys off guard. It is difficult to understand how else Unisys could first allow a large number of developers to use LZW for for free for years and then, after the establishment of de facto standards based on LZW, abruptly change its attitude.
DIRECTIVE ON THE PATENTABILITY OF COMPUTER-IMPLEMENTED INVENTIONS
The primary requirement of the Directive is that, "in order to be patentable, an invention that is implemented through the execution of software or on a computer, or similar apparatus has to make a contribution in a technical field that is not obvious to a person of normal skill in that field." A computer-implemented invention is defined as "any invention implemented on a computer or similar apparatus which is realized by a computer program." (Proposal for a Directive, 2002, p.13) Under the current situation, inventors have two avenues for obtaining protection for inventions. They may (1) apply for patents at the European Patent Office (EPO) under the auspices of the European Patent Convention, or (2) seek patents through the national patent offices in the Member States. Practically speaking, this scenario has resulted in differences of interpretation and claims that "there is no unifying structure with binding effect on national courts." Thus, the Directive represents a call for harmonization. (http://www.europa.eu.int/comm/internal_market/en/indprop/comp/02-32.htm)
The formulation of the Directive has fueled a heated debate on the limits of what is patentable-and the benefits of software patenting-both currently and for the future. Detractors argue that the problems of strategic patenting are only now gaining attention in the U.S. and they warn that "software patents damage innovation by raising costs and uncertainties in assembling the many components needed for complex computer programs and constraining the speed and effectiveness of innovation" (Open letter, 2003) . Clearly, however, some action is inevitable and required: "over the years, national courts have decided that there is no reason why a patent should not be granted for a machine programmed to carry out some technical function, or a technical process carried out using a computer or similar machine." As a result, since the EPC came into force in 1978, more than 30,000 software patents have been granted and a body of case law has been built up by the EPO and Member States' courts.
Those supporting the Directive, including Arlene McCarthy, JURI's rapporteur and the European Parliament member responsible for the draft legislation, maintain that nothing will be made patentable which is not already patentable. Moreover, there are "links between the patentability of computer-related inventions and the growth of IT industries in the United States" (Broersma, August 27, 2003) . Opponents to the Directive have responded that economic research does not support such links between software patents and business growth. They argue that patents are harmful in casting "in concrete the so-powerful oligopolies that naturally emerge in information-based industries" and that in the "United States, where such patents are allowed, large corporations such as IBM routinely stockpile patents to be used against competitors--usually to the detriment of smaller companies" (Broersma, April 28 & August 28, 2003) . Others have long argued that patents can be used to delay or stifle innovation through the use of patent pools, patent thickets, exclusive licensing, and other abusive patent enforcement tactics (Rivette & Kline, 1999) .
The authors of the Critique perceive significant uncertainties surround the scope, reach, and effect of software patents and limits on the ability of small companies to grow in competition with large companies. The Fall of 2003 saw demonstrations, protests, a call for action petition, and an open letter and critique written by a high ranking group of scientists. On September 15, 2003, the European Parliament voted to approve the Directive. However, this approval also included several amendments. The amendments outlaw patents for algorithms, make it impossible to register business-method patents, and restrict the definition of the sort of software that should be eligible for a patent. Supporters of software patents argue that the amendments could deprive existing patent holders of their ability to enforce their property rights and that such a law may violate international intellectual property agreements. Experts predict that the European Commission is likely to be displeased with the adjustments and that ministers of the 15 national governments of the union are likely to challenge the amendments to the Directive.
THE VALUE OF SOFTWARE PATENTS
Those who argue in favor of software patents identify five types of public benefits that can be realized:
Encouraging inventive efforts through the promise of economic rewards to inventors. Patents for new software are likely to encourage increased discovery and development of new types of useful software. Patent rewards can overcome "free rider" risks. Free riding slows development of new software because these efforts involve considerable financial outlays that may not produce accompanying returns if others can freely use the resulting product (Gruner, 2000 (Gruner, , pp. 999-1007 .
Promoting public disclosures of useful inventions through issued patents. In exchange for the public disclosure of an invention in a published patent, an inventor is given the reward of exclusive rights in the invention for 20 years. Disclosure makes the availability of the invention, under sale or license, known to those who may have a use for it. Disclosure encourages others to consider making improvements or other substitutes. Most important, public disclosure can avoid unnecessary duplication of efforts in creating something that already exists (Gruner, 2000 (Gruner, , pp. 1007 .
Providing incentives for product refinement and commercialization. Substantial post-invention refinement may be needed to begin mass production, distribution, and marketing of a new invention. Absent patent rights, a potential developer may be reluctant to be the first to take on the production problems and the marketing costs for a new product. Patent protection may be needed to convince investors to back start-up companies in the development and marketing of new software. Subsequent developers' costs will be lower if they can gain some benefit from the first mover's product introduction efforts (Gruner, 2000 (Gruner, , pp. 1012 .
Encouraging Efficient Prospecting for Applications and Improvements. Patents may encourage software developers to search for further applications of the patented software in the same field in which the software was originally developed, or promote cross-domain searching for new applications in other fields. (Gruner, 2000 (Gruner, , pp.1019 Limiting duplicative efforts to discover, perfect, and improve patented inventions, thereby maximizing society's net gain from each patented invention. Software patents may prevent wasteful investments. Following a software developer's patenting of a particular advance, others working to develop similar or less effective software will be averted from further wasteful or expensive efforts. (Gruner, 2000 (Gruner, , pp.1023 Finally, we might ask whether alternative forms of intellectual property protection would provide the same public benefits. Those who argue that patents are preferable often compare them to copyright or trade secret protection. As to whether copyright protection is preferable to patent protection, we must remember that patents protect functional and utilitarian features of software that cannot be protected by copyright, which protects only descriptive or expressive aspects (Gruner, 2000, p. 994) In addition, unlike trade secret protection, patents provide rights that prevent reverse engineering and reuse of software (Gruner, 2000, p.995) 
7.
A REASSESSMENT How is the European Union to proceed? While software patents may stymie innovation especially in small companies, and while the economic benefit is not resolved, some kind of harmonization appears necessary. Is the backlash alarmist given that "nothing will be made patentable which is not already patentable" or are the detractors wise to observe that this formalization of existing practice is dangerous?
We find limitations to the persuasiveness of the current arguments on both sides. Those who support the Directive warn of possible future conflicts in interpretation and application of patent law. But there is no hard evidence to corroborate this concern. Nor is there sufficient evidence and justification for whether the solution-the Directive as it is currently formulated-will remedy the problem. Those opposed to the Directive have taken an extreme, even Draconian position, arguing that this remedy will have dire consequences. They claim the Directive will spawn new problems for R&D and competition, framing slogans such as: "patent inflation is not a victimless crime" and "software patents kill innovation."
Some have argued that patents on software may actually slow innovation by making it more costly and difficult to advance or build on existing information technology. This position draws on the "tragedy of the anticommons", which theorizes that an over-assignment of property rights for a privately-held resource leads to under-utilization of that resource. Preventing an anti-commons tragedy "requires overcoming transaction costs, strategic behaviors, and cognitive biases of participants, with success more likely within close-knit communities than among hostile strangers" (Heller & Eisenberg, 1998, p. 280) .
On the other hand, an example of where the cautionary reaction may be well founded concerns the patentability of pure business methods. Much controversy has surrounded this issue in the U.S. as to its effects on software development. In the EU, these will not be patentable; however, "some inventions involving business methods could fall within the definition of computer-implemented inventions. These inventions would be dealt with in accordance with the Directive, and in particular patents would only be granted for inventions that made a technical contribution" (Proposal FAQ p.5). Critics rightfully anticipate a natural progression of decisions that will follow, leading to more patents for business methods.
Critics have continued to argue for reforms to the patent system. For example, Gleick (2000) claims "that in the US, the patent office has grown entangled in philosophical confusion of its own making; it has become a ferocious generator of litigation; and many technologists believe that it has begun to choke the very innovation it was meant to nourish" (Gleick, 2000) .
One compromise solution would be to limit the term for software patents. Product life cycles in software are very short: approximately 3 years. What is seen as an invention at inception, can by virtue of adoption be mainstream within six months. On the other hand, a patent protects an invention for 20 years, which is clearly disproportionate. Likewise, Jeff Bezos of Amazon has suggested that a patent term of 3-5 years is more realistic and fair.
Moreover, the Directive has exposed ideological differences between two competing paradigms: Open Source versus pro-intellectual property rights. The Directive has alienated the Open Source community and the Euro Linux alliance-over 200 commercial software publishers and European non profit associations with the goal of promoting and protecting the use of Open Standards, Open Competition, and Open Source Software.
Regardless of the stated positions, the world is moving toward globalization and greater integration of trade, commerce, and intellectual property rights: "Finding the right balance will not be easy. Patents can be a spur to innovation, but they can also be an obstacle, and the great advantage of digital technology was supposed to be its very malleability. Moreover, there is another headache. The harder it is to patent computer-related inventions in Europe, the wider will be the legal gap with America" (Economist, 2003) . In future, the U.S., EU, Japan, China, and the developing world will need to compromise and take steps in the direction of one another to find common ground.
Much remains to be understood about software patentability. Future directions for research might consider a range of empirical and economic issues. Specifically, we have yet to understand the relationship between the number of software patents awarded versus the number of patents litigated. We might discover, in fact, that most software patents are not the cause or source of litigation.
